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Azimuthal correlations

Why dowe wantto measurdgtwo-particle)azimuthalcorrelationgn
non-centraktollisions?

® Resonancéow

® Azimuthally sensitve interferometry

® Correlationgetweerhigh-pr particles

Differentphysical phenomenavesticated...
...differentmethod=of analysis

A singleobsenable?
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Non-centralcollision:

Anisotropic flow

Theparticlesources anisotropic
(andaroundit thereis only vacuum)

= thepressurgyradientalongthe
iImpactparametedirection—___
IS strongerthanthegradient 4= mm)

perpendiculato thereactio
plane —

= anisotropigparticleemission:FLOW

. v
In momentum space

Particlesmainly emittedin-plane (¢ = ®p)
ratherthanout-of-plane (¢ — & = 90°).
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Anisotropic flow

Anisotrop/ quantifiedby a Fourierexpansion:

p1(p— Pr) x 142w cos(¢p — Pr) + 2vycos2(p — Pr) + . ..

Measuringanisotropidlow is acomplicatedssue:
v, = (cosn(p — Pr))
lab. frame/ not measured!

Many methodsf analysisareavailable(evenunbiasednes!)
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Anisotropic flow

Anisotrop/ quantifiedby a Fourierexpansion:

p1(p— Pr) x 142w cos(¢p — Pr) + 2vycos2(p — Pr) + . ..

Measuringanisotropidlow is acomplicatedssue:

v, = (cosn(p — Pr))

lab. frame/ not measured!
Many methodsf analysisareavailable(evenunbiasednes!)
... atleast,for directly detectedparticles(r*, K+, p)

Improvementsstill possiblefor theflow of “resonances”

particlesthatdecaybeforereachingthe detector“fr(o, K2, A...
! = studiedthroughtheir decayproducts
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Azimuthally sensitve
Interfer ometry

Initial state:
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Azimuthally sensitve
Interfer ometry

Final state?

1 In-plane

t Circular

= =)
}

Out-ofplane



Azimuthally sensitve
Interfer ometry

Final state? The final space-timeconfigurationcan be
determinedy two-particleinterferometry

In-plane
= osclillationof the HBT radil Rgige, Rout
perpendiculato KTpair/
alongK i,
y t Circular Example:out-ofplaneconfiguration
S D—Pp = 90°

\

Out-ofplane “'—";

o HLT% R

et o

+Rgiq0 large (Rou small
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Azimuthal correlationsof
high pp particles

Particleswith highmomentunijets) loseenegy
while traversingthe densemediumcreated

= For a pair of jets createdcloseto the edge,
only onejet emepges(= detectedwith high pr),
while thebackjetis guenched=“notdetectet)

= i ESTAFI STAR 200 GeV | An |<1.4
L e Central 0-5% Au+Au

S —flow: v2 =7.4%
S 16 —— pp data + flow
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Azimuthal correlationsof
high pp particles

Particleswith highmomentunijets) loseenegy
while traversingthe densemediumcreated

= For a pair of jets createdcloseto the edge,
only onejet emepges(= detectedwith high pr),
while thebackjetis guenched=“notdetectet)

I

Amountof quenchincdepend®n the length of
thejet pathin-medium

In non-centrakollisions,suppression
patterndependson the azimuthsof
the high pr particleswith respecto
thereactionplane

= lessquenchingn-plane(¢ = ®R),
! moreout-ofplane
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Two-particle correlations

Two particlescharacterizety (pTl, PT2, Y1 yg), o1, 02

Ap = o — @1 : relatve angle

Ratherthan ,
P2 — PR

o1 — PR use{ O =x¢1 + (1 —x)po : pairazimuth

Two-particledistribution: po(® — P, A¢) insteadof pa (1 — P, po— D R)

Fix A¢: po(®—DpR) isthepairangled azimuthaldistribution, which

uantifieshe anisotroy in & —®
b 4 & ... reminiscenof p (¢ —PR)
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Two-particle correlations

Two particlescharacterizety (pTl, PT2, Y1 yg), o1, 02

Ap = o — @1 : relatve angle

Ratherthan 91— Pr use ® =291 + (1 —x)¢py : pairazimuth
¢2 — PR

Two-particledistribution: po(® — P, A¢) insteadof pa (1 — P, po— D R)

Fix A¢: po(®—DpR) isthepairangled azimuthaldistribution, which
guantifiesgheanisotroy in ®—®p5

Introducea Fourierexpansion!

po(P—Dp) x 1+ Z vfba’irei”(@_@R)
n#0
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“Pair anisotropic flow”

p2(P—PRr) x 1+ Z PP —PR). ppalr =/<ei"(q’q’3)>

n#0
A cannotbereplacedoy cos!
Transformingd — ®p — —(® — ® ) with
\ A¢ constanis not asymmetry!
-,
\\ pair :
R ' Reactior Un 1S comple<
. o

lane : . : :
P (# “single-particle”anisotropidiow v,,)
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“Pair anisotropic flow”

p2(q)_q)R) x 1+ ngairein(qD—CI)R)’ Ugair _ <e—in(<I>—<I>R)>
n#0
=1+2 Z vpalr cosn(® — dpr) + v?}aﬁr sinn(® — Op))
n>1
with 023" = (cos(n(® — ®g))), 24" = (sin(n(® — ®p))), real
cf. v, ={cos(n(¢d — Pr))) “new”

Marny methodsalreadyavailablefor measuring2%,"!
= all methodsof flow analysis

... caneasilybe modifiedto measure?%" (or directly v>*i*)
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“Pair anisotropic flow™:
jet quenching

® = ¢ (triggerparticle)

A In p-p, numberof associategbarticlesgo
pertriggerparticledepend®n A¢ only.

(o A If the deficitin high-pr particlesis dueto

B n-medium enepy loss then for a given
\ A ¢ thenumberof pairspertriggerparticle
depend®onthelengthof the pathfollowed
by theassociategarticleonly

= symmetryg, — P — — (P2 —Pg)

1 "R Reactlon

plane

, palr(A¢) ( palr(AQS) tr1g)tan(2A¢)
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Azimuthally sensitve
two-particle correlations

Azimuthaldependencef 2-particlecorrelations= pair anisotropidlow
® characterizedtyy pair-flow coeficients@%r, vé’%f
model-independent!

® samemethodsf analysisasfor single-particleanisotropicflow
i | » cumulants].ee—Yangzeroes:
no needto estimated !

pair _ pair

® omittedissue:relatev.,, , vs, tomodelsofthecorrelations
o model-dependemdredictions

o differentrecipesfor eachspecificapplication(resonancéow,
HBT, high-p particlecorrelation$
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